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PURPOSE* Mapping out the enhancement of out nut for the entirety of reactor 
core in the process that the moderator to fuel volume ratio inside the channel 
box may changed in the axial direction of the fuel assembly to control the 

rONSTITWION: With the arrangement that the normal length of fuel rods 2' 
may be put around the circumference inside the channel box 3, centripetally 
the shorter fuel rods 2" put, at the center is formed upward broadened conic 
moderator How path 12 to even the effective Boyd ratio distribution in the 
axial direction of the fuel assembly. 
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<*4) FUEL ASSEMBLY 

(in K-okai No. 5 2-504OJJ (^4^2.1^ (21 ) Appl. No. 50-1 25939 
(22) 10.2UO75 " ~ 

C\) \IHO\ GKNSMRYOKU HGYO K.K. (72) KIYOSIII L'EDA 

(52) JrC l.u>B22:B23 

(51) lnt.Cl 2 .G21C3/32.5/00 

PURPOSE: Mapping out ihc enhancement of out put for the entirety of reactor 
core in the process thai the moderator to fuel volume ratio inside the channel 
box may changed in the axial direction of the fuel assembly to control the 
output peak. 

fONSTlTUTION: With the arrangement that the normal length tFf fuel rods 2' 
may be put around the circumference inside the channel box 3. centripetally 
the shorter fuel rods 2" put, at the center is formed upward broadened conic 
moderator flow path 12 to even the effective Boyd ratio distribution in the 
axial direction of the fuel assembly. 
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FUEL ASSEMBLY 
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Applicant: Nippon Genshiryoku Jigyo K. K, 

Claims 

1. A fuel assembly characterized by the following features: 
the fuel assembly consists of a channel box and multiple fuel 
rods located in the above-mentioned channel box; by arranging 
fuel rods with different lengths, a passage for a moderator is 
formed which expands gradually in the upward direction within 
the fuel assembly; the volumetric ratio of the moderator- to the 
fuel is varied in the axial direction in .the above-mentioned 
channel box. 
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2. A fuel assembly characterized by the feature that in the 
fuel assembly described in Claim 1, water or another kind of 
moderator is injected, in the above-mentioned moderator passage. 

3. A fuel assembly characterized by the feature that in 
the fy^l assembly described in Claim 1, void pipes are arranged 
in the fuel assembly. 

Detailed explanation of the invention 

This invention concerns the fuel assembly of an atomic 
reactor making use of thermal neutrons. In particular , it 
concerns the fuel assembly suitable for a steam reactor. 

In a steam reactor, the fuel assemblies are installed within 
the reactor core in the shape of a grid with regular pitch. 
Figure 1 shows one example of such fuel assembly (1) , which con- 
sists of multiple fuel rods (2) (7 x 7 in the example shown in 
Figure 1) , an upper tie plate (not shown in the figure) , a lower 
tie plate (not shown in the figure) , spacers (not shown in the 
figure), and channel box (3). 

Fuel' rods (2) are inserted in channel box (3) with their 
positions maintained by multiple spacers arranged in the axial 
direction of the fuel rods with a certain interval between each 
other. Fuel rods (2) are usually arranged with equal distance 
between each other, forming coolant flow channel (4) between the 
fuel rods. The two ends of the fuel' rods are held by the upper 
and lower tie plates inserted on- the channel box. The upper tie 
plate and the lower tie plate are bonded by several tie rod fuel 
rods with machined tip plugs of the fuel rods. Water flows in 
the fuel assembly as coolant. It removes the heat generated by 
the nucleur fission reaction of uranium, plutonium, etc.'-, existing 
in the fuel rods. Water also exists between fuel assemblies, 
i.e., outside shell (5) of channel box (3). In the figure, (6) 
is a cross-shaped control rod. 
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In addition to coolant, water also plays the roll of a 
moderator. The high-speed neutrons.-forraed in the nuclear fission 
fly into the water, where they are decelerated into thermal 
neutrons. The thermal neutrons impact with uranium, plutonium, 
and otTier nuclear-fission materials to induce a nuclear fission 
reaction. 

In a steam reactor, in order to control the reaction degree 
of the reactor core and the output distribution, controlling 
rods (6) are inserted from the bottom of the reactor core upward. 
Driving of the controlling rods is performed outside the reactor 
core. 

Figure 2 shows the void ratio distribution curve (7) and 
linear output density (output) distribution curve (8) in the 
axial direction of the fuel assembly in the steady state opera- 
tion when control rod (6) is inserted from the bottom of the 
reactor core to near the middle of the reactor core. It can be 
seen that in the region where the control rod is inserted and in 
the region near the tip of the control rod, the void ratio is 
small. On the other hand, in region (9) above the tip region, 
as indicated by void ratio curve (7) , more and more voids are 
formed. The formed voids are moved to the upper portion of the 
reactor core either by a forced method or by buoyancy. Because 
the moderator (water) is expelled by the voids, the number of 
thermal neutrons is reduced; hence, the nuclear fission of 
uranium, plutonium, etc., becomes difficult, thus resulting 
in a decrease in the heat output. In the region near the control 
rod tip, few voids are generated. In addition, due to the control 
rod, the absorption of the thermal neutrons' is low; hence, a 
large amount of thermal neutrons are accumulated in this- region. 
As a result, very high output peak (10) appears on curve (8) in 
the region near the control rod tip. Formation of this kind of 
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output peak (10) hampers the flattening efforts for the output 
distribution and reduces the overallJaeat output of the reactor. 

The purpose of this invention is to provide a kind of fuel 
assembly that can suppress output peak (10) , that can increase 
the overall output of the reactor core, and that can ensure a 
stable operation of the reactor with an increased burning degree 
of the fuel. This invention is characterized by the feature 
that the volumetric ratio of the moderator (water) to fuel is 
made to change in the axial direction in the channel box, so 
that the above-mentioned peak caused by the distribution of 
voids in the axial direction can be inhibited. 

In the following, this invention will be explained in detail 
with reference to several application examples illustrated by 
figures. 

-i- _Figure 3 shows an application example of this invention. 
The multiple fuel rods arranged in the channel box can be divided 
to two types ((2 1 ) and (2")) with different lengths. Fuel rods 
(2 1 ) with the nominal length are arranged near the shell of the 
channel box, while fuel rods (2") with a shorter length are 
..arranged on the inner side of fuel rods (2 1 ). In this arrange- 
ment indicated in the side view of Figure 3(a), (11) and (ll 1 ) 
are the straight lines connecting the tips of the fuel rods. 
As indicated by cross-sectional views A-A (Figure 3(b)), B-B 
(Figure 3(c)), and C-C (Figure 3(d)), a nearly conical flow 
passage is formed by these straight lines, expanding upwards. 
In this way, when water, used as both moderator and coolant, 
flows from lower flow passage (12) upward, the cross-sectional 
area of the passage increases; this complements the loss in water 
amount caused by the formation of voids. In this way, the 
effective void ratio distribution in the -axial direction of the 
fuel assembly becomes flatter. 
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Figure 4 shows another application example of this invention. 
In this scheme, instead of cone (12). ^containing water or water- 
vapor mixture shown in Figure 3, water-filled rod (13) (Figure 4(a) 
is inserted and held by spacers as shown in cross-sectional views 
D-D (Ei^gure 4(b)), E-E (Figure 4(c))*, and F-F. (Figure 4(d)). In 
this way, the amount of water reduced by the formation of voids 
can be complemented in the same way as (or even better than) the 
first application example, and the effective void ratio distribu- 
tion in the fuel assembly axial direction becomes flatter. In 
addition, water-sealed rod (13) can be replaced by rods made of 
other moderators, such as zirconium hydride, titanium hydride, 
and other metal hydrides, as well as beryllium, graphite, heavy 
water, and their compounds. 

In the application example illustrated by Figures 5 (a) -5(c), 
the situation is similar to that of Figure 4. However, in this 
case, instead of a conical water-filled rod, water-filled rods 
(13 ') with uniform diameter are installed. It can be seen that 
in the upper portion of the fuel assembly shown by Figure 5 (a) , 
there are 4 pieces of water-sealed rods; in the middle portion 
of the fuel assembly shown by Figure 5(b), there are only 2 pieces 
of water-sealed rods; while in the lower portion of the fuel 
assembly shown by Figure 5(c), there are no water-sealed rods 
at all. 

Figure 6 shows another application example of this invention. 
In this scheme, in the lower portion of the fuel assembly void 
tubes (14) such as hollow tubes made of Zircaloy are installed 
to exclude 10-30% of water; or the above-mentioned void tubes 
can be installed in such a way as the number is reduced gradually 
with the height of the fuel assembly (Figures 6 (a) -6(d)), In this 
way, the axial distribution of the void ratio can be flattened, 
and- the axial distribution of the linear output can also be 
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flattened. In addition, arrangement of the void tubes can also 
improve the efficiency of the control: rods and the behavior 
of the reactor core when the control rods are drawn out or 
inserted . 

Figure 7 compares the void ratio distribution and linear 
output density (output) distribution between the above-mentioned 
application examples of this invention and the conventional fuel 
assembly. The solid curves correspond to the application example 
of this invention, and the dashed curves correspond to the con- 
ventional example shown in Figure 2. It can be seen that 
void ratio curve (15) of the fuel assembly of this invention 
is lower and flatter than curve (7) of the conventional fuel 
assembly. In addition, linear output density curve (16) has 
peak (17), which is much lower than peak (10) of curve (8) of- 
the conventional., fuel assembly*. This is mainly because according 
to this invention, the effective void ratio is reduced near the 
location of peaks (10) and (17) ; hence, the linear output density 
is changed from curve (8) to curve (16) . 

- In the above, the features of this invention have been 

explained with respect to the improvement of linear output 
density distribution. However, the present invention has 
another effect, that is, it can be used effectively for pre- 
venting the decrease in the residual reaction degree of the 
reactor core due to formation of voids. 

In addition, similar effects -as above can be achieved by 
using fuel rods with changed diameter in the axial direction, 
i.e., larger outer diameter of the fuel rods in the lower 
portion of the fuel assembly, and smaller diameter of the fuel 
rods in the upper portion of the fuel assembly. Another- scheme 
is that the number of fuel rods in the horizontal cross section 
is' made to be a function of the axial distance in the fuel 
assembly. 
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Key : 

l:Void ratio 
2:Linear output density 
3: Lower end 
;4: Upper end 

5:Height from bottom of 
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Key: 

l:Void ratio 
2;Linear output density 
3: Lower end 
4: Upper end 

5:Height from bottom of reactor core 




